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The  question  of  the  existence  of flagellar  antigen  and  agglutlnirL, 
has been referred to in the literature at various times. 
In 1903, Smith and Reagh  t described flagellar and somatic agglutinins.  They 
reviewed the papers published up to that time dealing with the part played by 
the flagella in agglutination reactions.  By a  study of  the agglutinins produced 
by a  motile and a  non-motile strain of hog-cholera bacilli and by the examina- 
tion of the two types of clumping occurring in these two sera they demonstrated 
the  existence  of  the  two  agglutinins  which  they  called  somatie  and  flagellar 
agglutinins.  The next year, Beyer and Reagh* studied  the further differentia- 
tion of flagellar and somatic agglutinins by means of  heat.  They found that a 
temperature of 70°C. injured the flagella  so that the motile bacilli were not ag- 
glutinated, but this temperature did not destroy their power of generating flagel- 
lar agglutinins in the animal body.  A little later Smith and TenBroeck,  s in an 
agglutination  study with fowl and human  typhoid cultures,  observed evidence 
for flagellar and somatic agglutinins and explained certain reactions on the basis 
of their existence. 
Recently  (1922)  Gruschka*  reported  varia.uts  occurring  among  Gaertner 
bacilli which showed differences in serological behavior.  He studied the variants 
by receptor analysis and  considered  that  the  large  clumping agglutinins  were 
produced by labile H  receptors and the  fine  clumping agglutinins by stable O 
receptors.  Typically the  Gaertner bacilli possessed  both receptors.  He found 
certain variants possessing  O receptors alone, and others possessing  H  receptors 
with  atypical  O  receptors.  In  his  cultural  study  he  observed  differences  in 
motility between  the  variants.  Those forming large  dumps,  or possessing  H 
receptors,  were  motile,  and  those  forming  only fine  clumps,  or  possessing  O 
receptors alone, were non-motile.  He stated that his labile H  receptor is prob- 
ably identical with flagellar antigen. 
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In this paper two groups of experiments are described, one follow- 
ing along the lines of the work of Smith and Reagh, but differing in 
that the motile and non-motile strains used were two types derived 
from a  single strain originally motile and emphasizing therefore the 
factor of change.  The second group of experiments deals with the 
separation of the flagella from the bodies of the bacilli and the direct 
preparation of a serum containing only flagellar agglutinins. 
EXPERIMENTS. 
Group  1.  Experiments  Dealing  with  the  Change in  Motility  Occur- 
ring within One Strain and the Accompanying Change 
in Serological Behavior. 
The  hog-cholera culture  Maryland was used in this work.  Origi- 
nally  this  culture  was actively motile.  It was used by Smith and 
Reagh in their experiments as a motile strain.  This culture has been 
kept in  stock on  agar  slants.  In  the spring  of  1923,  during some 
agglutination  work when different colonies were picked  and  agglu- 
tinated,  different reactions  were  noted  with  the  separate  colonies. 
When the  cultures from these colonies were examined differences in 
motility were observed.  The bouillon cultures of the colonies were 
replated and  colonies again  examined.  The appearance of the colo- 
nies on the two plates was the same, but the hanglng-drop examina- 
tion continued to show the differences in motility.  Agar slants were 
inoculated  from  individual  colonies  and  these  have  been  kept  as 
stock cultures, being renewed every 1 to 2 months.  At  the present 
time the stock cultures of  the  two  types have kept  their different 
characters  in  respect  to  motility.  Stained  with  a  flagellar  stain 
(Shunk  0  the motile organisms showed numerous flagella, but in the 
preparation from the non-motile culture no flagella were seen.  Cul- 
turally  the  two  types  are  the  same,  at  least  in  colony formation, 
growth in  bouillon,  and production of acid and gas  from dextrose. 
Serologically  the  two  types  differ.  In  an  ordinary  hog-cholera 
serum they gave the different types of clumping described for somatic 
and flageUar agglutination.  In the production of immune serum Md.- 
motile produced a serum which agglutinated both types but with the 
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expected differences in type of clumps and fiter l{mlt.  It agglutinated 
Md.-motile  1:20,480,  with soft,  loose  dumps, and Md.-non-motile 
1:640,  with small, fine clumps.  Md.-non-motile produced a  serum 
that  agglutinated  both  types  similarly  to  the  titer  1:1,280.  The 
clumps of the non-motile type were very compact, but those of the 
motile type were looser and more like the ones formed in the serum 
of the motile bacilli.  However, a  hanging-drop preparation of the 
dumps formed by the motile bacilli in their own serum, exam{ned 
microscopically  under  the  high  power,  showed  no  movement of 
the dumps, while such an examination of the dumps formed by the 
motile bacilli in the non-motile culture serum showed activity among 
the small dumps and a swaying motion throughout the larger dumps. 
This indicated that the motile culture serum contained an antibody 
acting directly on the flagella, but the non-motile culture serum was 
lacking in this antibody.  In the absorption tests with the two types, 
the Md.-mofile absorbed all agglutinins for both cultures  from both 
sera,  and  Md.-non-motile absorbed only agglutinins for itself from 
the motile culture serum but all agglutinins from its own serum. 
All  these tests have shown that the only differences between the 
two types are the loss of flagella in one type and its different sero- 
logical  behavior.  The  agglutination  results  agree  with the  earlier 
reports for motile and non-motile strains.  The fact  that here  the 
motile and non-motile types were derived from one strain which was 
originally motile but has changed, giving rise to a  non-motile type, 
gave definite evidence that the change in motility or the loss of flagella 
affected  the  serological  behavior  both  in  the  agglutination of  the 
bacilli and in the production of agglutinins and therefore proved that 
the flagella are an antigenic factor givingrise to specific agglutinins. 
Group  2.  Experiments  Dealing  with  the  Separation  of the  Flagella 
from the Bodies of the Bacilli and the Direct Production of a 
Flagellar Antiserum Which Agglutinates Exclusively the 
Motile Bacilli. 
Hog-cholera strain Md.-motile was again used for this work. 
Preparation  of Flagellar  Suspension.--A  Blake bottle of agar was 
inoculated with Md.-motile culture and incubated at 37°C. for 24 to 46  FLAGELLAR  AGGLUTININS 
48 hours.  At the end of this time a hanging-drop examination showed 
active motility, and a flagellar stain showed many flagella, some already 
detached  from  the  bacilli.  The  growth was suspended  in  10  cc.  of 
0.85  per  cent  NaC1  solution  and  put  into  small  bottles with  a  few 
glass beads.  The suspension was shaken in a mechanical shaker for ½ 
hour and  then  centrifuged  1 to 2 hours.  The shaking broke off  the 
flagella and  the  centrifuging  threw down the bulk of the bacilli  but 
left the flagella in suspension.  The supernatant  fluid  was  drawn  off 
with a pipette and shaken a second time to free the remaining  organ- 
isms from the flagella.  This suspension was centrifuged 4 to 6  hours. 
The fluid appeared perfectly clear.  The upper half of the fluid was 
drawn  off for  use.  Bacilli  were not  detected  in  a  stained  prepara- 
tion,  but a  flagellar  stain  showed  the presence of masses of flagella. 
This  material  was mixed with  an equal volume of bouillon,  and  0.5 
cc.  plated  on  agar  to  test  for  the  presence  of bacilli.  Such  plates 
sometimes  were  sterile,  but  sometimes  it  was  necessary  to  centri- 
fuge  longer.  After  determining  the  probable  sterility  by  plating, 
the whole suspension was heated ½ hour in a water bath at 60-62°C. 
and  then incubated 24 to 48 hours to make sure of sterility. 
Preparation  of  Flagellar Antiserum.--A  rabbit  was  given  three 
intraperitoneal  injections  of the flagellar  suspension prepared  as de- 
scribed above.  The doses were 1,  1.5,  and  2 cc., given at 5  day in- 
tervals.  Each lot of material  used for the injections was sterile and 
free from bacilli as far as determined by plating on agar before heat- 
ing.  The rabbit was bled 9 days after the last injection. 
Agglutination  tests were made with  the  serum  obtained  from  the 
rabbit  injected  with  the  flagellar  suspension.  The  results  showed 
that  the motile bacilli were strongly agglutinated,  and  the titer limit 
was 1:5,120,  while the non-motile bacilli were not affected at all  by 
this serum.  This is very definite evidence for flagellar antigen  since 
the flagella  alone produced  a  serum  which  reacted  exclusively with 
the motile type of bacilli. 
The  results of the  agglutination  tests of the Md.-motile and  non- 
motile types with the three kinds of sera have been tabulated.  These 
results clearly bring out the antigenic property of the flagella. 
Absorption of the flagellar antiserum  with  the non-motile  type of 
bacilli did not affect its agglutinating  value.  This  showed  that  the MARION  L. ORCUTT 
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bodies of the bacilli played no part in producing this antiserum,  but 
the flagella alone gave rise to the antibodies present in the serum. 
A  direct flagella agglutination  test was made by mixing the flagel- 
lar serum with the flagellar suspension.  The result was a  soft, deli- 
cate, rather fluffy precipitate visible in the first test in a  dilution up 
to  1:80 and  in  a  second test in a  dilution  of  1:320.  This  test was 
controlled first by using normal  serum  with  the flagellar  suspension 
instead  of the flagellar  serum,  and  secondly by mixing  the  flagellar 
suspension  with  salt  solution  instead  of  serum.  Both  sets  of  con- 
trols  gave  no precipitate.  That  the  reaction  was  an  agglutination 
rather  than  a  precipitation  was  proved  by  carrying  out  a  precipi- 
tation  test using  as  antigen  a  filtrate  of some of the  same flagellar 
suspension used in the agglutination  test.  The result of the precipi- 
tation test was negative, showing that precipitins were not responsible 
for the reaction occurring between the flagellar serum and the flagel]ar 
suspension,  but  that  the precipitate  was  the  result  of an  agglutina- 
tion or a clumping of the flagella into masses large enough to be seen. 
A  preparation  of  the  clumps  examined  microscopically  in  the  dark 
field under  the oil immersion  showed the flagella distinctly.  There 
were  dense  masses  and  on  the  edges  a  fine  network  and  separate, 
single,  wavy flagella  were visible.  Also  a  preparation  stained  with 
a flagella stain showed the single, wavy flagella  tangled  together into 
masses. 
In the experiments  described here one strain under three different 
conditions has been used to produce antibodies; namely, (1) the whole 
culture  of the  original  motile  type,  (2)  the  non-motile  type derived 
from it, and  (3)  the separated flagella.  Each form has given rise to 
a  serum  containing  either  different  antibodies  or  a  combination  of 
the  two kinds.  By means  of  the  production  of the  three  kinds  of 
sera  and  the  agglutination  reactions  of  the  three  types  of  culture 
in these sera, the earlier work has been confirmed and more evidence 
has  been  furnished  which  proves  the  existence  of  the  flagella  as  a 
separate antigenic factor giving rise to a  specific agglutinin. 
Another  fact  concerning  flagella  is  their  inability  to  take  up  the 
ordinary stains.  They need a  special treatment  to prepare  them for 
the stain.  This indicates a different composition from the rest of the 
bacillus  which  is  in  agreement  with  the  existence  of  their  separate 
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CONCLUSIONS. 
1.  Certain bacilli within one strain may lose their flagella and be- 
come  non-motile. 
2.  The change in serological behavior associated with the change 
in motility indicates that the flagella possess an individual antigenic 
property. 
3.  Flagella can be separated from the bodies of the bacilli. 
4.  A  strictly flagellar antiserum can be produced by the injection 
of a  flagellar  suspension. 
5.  This direct production of a  strictly flagellar antiserum is proof 
of the existence in flagella of a separate specific antigen. 